Objectives: Although some prospective cohort studies have shown that baseline BMI is positively associated with a future incident risk for hypertension, these studies do not account for weight changes during the observation period. Therefore, it is not evident whether future incident risk for hypertension in obese, non-hypertensive people increases when their weight remains stable. We examined the association between long-term weight stability and risk for developing hypertension. Methods: A total of 5201 Japanese male workers aged 30-59 years underwent health checkups in 2002 and were followed through 2006. To consider transitions in covariates during the follow-up period, we used a time-dependent covariate Cox proportional hazard model to compute the relative risks (RRs) of incident hypertension. Furthermore, as a complementary analysis, we restricted the data to individuals whose BMI remained unchanged ( ± 5% of baseline BMI) during the follow-up and compared the RRs between BMI categories. Conclusions: A higher baseline BMI increases future incident risk for hypertension even when there has been no major weight increase. Weight management should be encouraged for obese, non-hypertensive people to prevent future hypertension.
Introduction
As high blood pressure is a frequent cause of major diseases, such as coronary heart disease, cerebrovascular disease and renal diseases, hypertension is one of our most important worldwide health challenges. Its prevalence rate is especially high in the middle aged and elderly populations. [1] [2] [3] [4] [5] Many studies [6] [7] [8] [9] [10] [11] [12] indicate that obesity is an important risk factor for hypertension. These epidemiological studies [6] [7] [8] [9] [10] [11] [12] show that body weight, or BMI, is positively associated with hypertension risk. There are also a few prospective cohort studies 6, 11 using Cox proportional hazards regression analysis that show a high BMI is associated with an increased future incident risk for hypertension. Recently, Shuger et al. 6 clearly showed that women with a BMI X24.7 kg/m 2 had a risk of developing hypertension that was over two times higher than women with a BMI of 18.5-20.0 kg/m 2 . On the other hand, some recent prospective cohort studies [13] [14] [15] [16] [17] [18] [19] reported that long-term weight gain increases the risk for hypertension. Those studies [13] [14] [15] [16] [17] [18] [19] showed that the risk for incident hypertension in subjects whose BMI increased during a follow-up period was significantly greater compared with subjects who maintained or decreased BMI. Given this association between long-term weight gain and hypertension risk, previous prospective cohort studies 6, 11 have a statistical problem as the Cox regression analysis using several fixed baseline variables as covariates cannot account for any change in BMI during the observation period. [20] [21] [22] As a BMI transition during the observation period certainly influences future incident risk for hypertension, it makes determination of the actual influence of baseline BMI on future risk for hypertension less certain. Therefore, it is not evident whether future incident risk for hypertension in obese, non-hypertensive people increases even when their weight remains stable. A study by Williams et al. 14 appears to be the only published study that considered transitions in BMI during a follow-up period in their analysis of hypertension risk. Williams et al. 14 excluded subjects who gained or lost 40.4 kg/m 2 of their BMI during B8 years of follow-up and demonstrated that a higher BMI was still associated with a higher risk of future hypertension, even if the baseline BMI remained stable during the follow-up period. However, the study, 14 part of the National Runners' Health Survey, involved only extremely active individuals (runners). Moreover, the data mainly consisted of a questionnaire, which means BMIs were calculated using self-reported weights and heights along with self-reported diagnoses of hypertension. In addition, the Cox regression analysis could not be applied because of the limited frequency of measurements in their study.
In our study, we tried to clarify the association between long-term weight stability and hypertension risk using timedependent Cox regression analysis or restricted data consisting of subjects who did not experience a major BMI change during the observation period.
Methods

Study population
Participants in this study included 8685 men 30-59 years of age working in the central region of Japan who had completed annual health checkups conducted by the Japan Labor's Culture, Health and Welfare Association in 2002. Data were collected on anthropometric values, blood pressure, blood samples and from interview questionnaires pertaining to smoking habits, daily alcohol intake and medical history.
At the baseline inquiry, we excluded 211 men with a history of stroke, coronary heart disease or diabetes mellitus, and 1978 men with hypertension defined as a systolic blood pressure (SBP)X140 mm Hg, a diastolic blood pressure (DBP)X90 mm Hg, or a past or current history of antihypertensive medication use. In addition, we excluded 18 men who did not have complete data and 1277 men who could not be followed after their first health checkups. Therefore, a total of 5201 men were followed from 2002-2006 (Figure 1 ). The mean follow-up period was 2.9 years. The protocol of this cohort study was approved by the Ethical Committee of the Dokkyo Medical University School of Medicine, Japan.
Assessment and criteria of hypertension
At the annual health checkups, a trained nurse measured the SBP and DBP levels of subjects on the right arm using a mercury manometer and a standard protocol after the subjects rested for at least 5 min in the sitting position. Using the first and fifth Korotkoff sounds as indicators for SBP and DBP levels, respectively, these values were obtained in duplicate. Cuff sizes were selected based on upper arm girth and length. Subjects were defined as incident cases of hypertension by meeting one of the following criteria during follow-up: (1) SBPX140 mm Hg, (2) DBPX90 mm Hg or (3) new antihypertensive medication use. 23, 24 indicate that a BMI of 23.0-24.9 kg/m 2 is associated with the lowest mortality among the middle-aged Japanese male population). At first, we used the PROC PHREG procedure with several baseline (that is, non-timedependent or fixed) variables, such as age in years, SBP (mm Hg), log-transformed triglyceride level (mg per 100 ml), hemoglobin A 1c (%), smoking status (never smoked, former smoker, current smoker) and alcohol intake (never, 1-2 times per week, 3-4 times per week, 5-6 times per week or everyday). Next, to account for transitions of covariates during the follow-up period, we further analyzed the data using the time-dependent covariate Cox proportional hazard model [20] [21] [22] with the BMI, age, SBP, log-transformed triglyceride level, hemoglobin A 1c , smoking status and alcohol intake as time-dependent covariates. An explanatory variable is called a time-dependent covariate if its value for any given individual can change over time. The SAS procedure of PROC PHREG allows the Cox proportional hazards regression model to use both fixed (non-time-dependent) and timedependent covariates. Details on the techniques for using time-dependent covariates in the PROC PHREG procedure are presented elsewhere. 25 Briefly, the form x(t) will be used for a covariate that may vary over time. The proportional hazards regression model with time-dependent covariates can then be written:
, where b is a column vector of regression coefficients. Information on the value of x for all values of t must be provided. Although this looks like DATA step programming, these statements do not appear in the DATA step. They are placed after the MODEL statement that goes with the PROC PHREG statement. Furthermore, as a complementary analysis, we excluded 1148 men who increased (767 men) or decreased (381 men) their BMI more than 5% from their baseline BMI during the follow-up period. Figure 1 shows the flow diagram of the participants in this study. From the 4053 qualified participants remaining, we calculated RRs for hypertension in the absence of any major weight change. In this complementary analysis, we used baseline (non-time-dependent or fixed) variables, such as age, SBP, log-transformed triglyceride level, hemoglobin A 1c , smoking status and alcohol intake as covariates in the PROC PHREG procedure.
Results
During the follow-up period through 2006, there were 899 newly diagnosed cases of hypertension among the 5201 men (14 888 person-years). Table 1 shows baseline characteristics, BMI at end point (2006 or the year when hypertension was diagnosed) and changes in BMI (delta of the end point measurement minus the baseline measurement) within each BMI category. Mean change in BMI of all subjects was 0.2 ± 1.1 kg/m 2 (range: À6.6 to 6.3 kg/m 2 ) during the follow-up period. We observed significant BMI increases in the lowest four BMI categories (p24.9 kg/m 2 ), whereas there were no significant changes in the highest three BMI categories (X25.0 kg/m 2 ). Trend test results for BMI categories are also shown in Table 1 . Table 2 shows RRs using the Cox proportional hazard model with fixed (non-time-dependent) baseline variables as covariates and the number of hypertension incidents within the BMI categories. Both the age-adjusted and multivariate RRs for hypertension increased as BMI increased. The RRs for the highest two BMI categories were significantly higher than our reference category of 23.0-24.9 kg/m 2 , whereas the RRs of the lowest three BMI categories were significantly lower than the reference. Table 3 shows RRs using the time-dependent covariate Cox proportional hazard model method. These results indicate an increase in RR for hypertension as BMI increases, even if transitions in BMI and other covariates during follow-up period are taken into account. In our complementary analysis, there were 732 newly diagnosed cases of hypertension among the 4053 men (11 199 person-years). 
Discussion
To the best of our knowledge, this is the first study demonstrating an association between long-term stability of weight and future incident risk for hypertension among a middle-aged Asian (Japanese) population. Although in many previous epidemiological studies, 6-12 a higher BMI at baseline related to an increased future incident risk for hypertension, these studies included a statistical problem whereby transitions of covariates during the followup period were not taken into account. Most clinical trials have found that weight loss reduced blood pressure level in hypertensive or high-normal blood pressure patients. 2, 26 In contrast, many prospective cohort studies [13] [14] [15] [16] [17] [18] [19] have shown that weight gain predicts future incident risk for hypertension. Thus, because there is a significant association between changes in weight during the observation period and future incident risk for hypertension, weight (BMI) changes should be considered when investigating the effect of baseline BMI on future incident risk for hypertension. A recent study by Chen et al. 13 showed that even a small BMI gain during a short-term (2 years) observation is associated with increased future incident risk for hypertension in a Chinese population, especially among the male subjects: the multivariate risk ratios within the second (-0.5 to 0.2 kg/m Adjusted for baseline age, systolic blood pressure, log-transformed triglyceride, hemoglobin A 1c , smoking status (never, past, current) and alcohol intake (never, 1-2 times per week, 3-4 times per week, 5-6 times per week and everyday). Abbreviations: BMI, body mass index; CI, confidence interval; RR, relative risk.
a Adjusted for age, systolic blood pressure, log-transformed triglyceride, hemoglobin A 1c , smoking status (never, past, current) and alcohol intake (never, 1-2 times per week, 3-4 times per week, 5-6 times per week and everyday). In the present study, the mean BMI of all subjects increased significantly (mean: 0.2 ± 1.1 kg/m 2 , minimum: À6.6 kg/m 2 , maximum: 6.3 kg/m 2 ) during the observation period (Table 1) . In this study, we considered the effect of weight change during the follow-up period in our analyses in order to investigate the association between long-term weight stability (maintaining BMI at baseline level) and future incident risk for hypertension. To consider covariate transitions during the follow-up period, we applied the timedependent covariate Cox regression analysis. This statistical technique is used to solve a problem in prospective cohort studies: how to use potential risk factors, which are measured repeatedly during a follow-up period, to evaluate the relationship of a risk factor to disease development. [20] [21] [22] In this study, although Table 2 shows the RRs for incident hypertension by BMI category using a traditional Cox regression model, Table 3 shows the RRs using the timedependent Cox model. Although the RRs of the two methods were not completely consistent, we observed very similar RR trends within the two Cox models, that is, the RR increased when the BMI category increased. Moreover, we tried to calculate RR for incident hypertension without using subjects who experienced major weight changes during the follow-up period ( Figure 2 in BMI was associated with an odds ratio for future hypertension of 1.19 (CI: 1.14-1.24) in men and 1.11 (CI: 1.02-1.20) in women. This is consistent with our results, although the BMIs in his study were calculated using self-reported height and weight and the participants were not from an Asian population. In every calculation of RR in our analyses (Tables 2 and 3 and Figure 2 ), the risk for developing hypertension in subjects from the BMI category X27.0 kg/m 2 was significantly higher than in subjects from the lower BMI categories. The evidence that an increase in BMI beyond 27 kg/m 2 related to an increased risk for hypertension is consistent with previous studies. 18, 27 The US National Heart, Lung reported that the risk for hypertension greatly increased in subjects with a BMI above 27 kg/m 2 .
Several investigators 6, 11, 17, 19, 28 have discussed the mechanisms by which higher BMI is associated with increased future incident risk for hypertension. Complex interactions among body fat, insulin resistance, the reninangiotensin system and the sympathetic nervous system may impact the relationship between baseline BMI and developing hypertension. However, the specific biologic mechanisms of this association are not completely known. Future research is needed to clarify these mechanisms.
Our study did have some limitations. First, Fisher and Lin 21 indicate that the form of a time-dependent covariate is much more complex than in Cox models with fixed (nontime-dependent) covariates and that interpreting the results tends to be difficult and misleading. However, they also state in the paper 21 that a well-established statistical software package, such as the SAS system used in this study, supports the use of time-dependent covariates in Cox model analyses, which can open exciting opportunities for exploring associations and potential causal mechanisms. With these points in mind, in our analyses, we showed the association between long-term stability of weight and future incident risk for hypertension not only with a timedependent covariate Cox proportional hazard model, but through a complementary analysis that used the traditional Cox hazard model with fixed baseline (non-time-dependent) covariates and restricted data consisting of subjects who did not experience a major BMI change during the observation period. We obtained almost the same results from these two analyses. Second, the data using adjusted variables (alcohol intake and smoking status) are based on interview questionnaires, and we have no information on the validity of the answers, although the interviews were conducted by a trained observer. Third, smoking status may influence blood pressure or incident hypertension. 29 It would be difficult to exclude smoking subjects in our analyses because of the high rate of past and current smoking habits among male workers in this study, although the smoking habit was included in multivariate regression analyses as an adjusted variable. Finally, we could not obtain information on diet intake 30 or physical activity, 31 which might lead to residual confounding factors when evaluating the association between baseline BMI and blood pressure.
In conclusion, baseline BMI is associated with future incident risk for hypertension even when weight change during the follow-up period is taken into account. The risk for hypertension increases as baseline BMI increases among middle-aged Japanese male workers. Weight management should be encouraged for obese, non-hypertensive people to prevent future hypertension.
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